The dearth of trained personnel to implement TB/HIV services led to substantial investment in human resources and technical assistance in Kenya. Between 1999 and 2006 the staff of the TB program almost doubled. Increases in quantity of TB services occurred, but the impact on quality was unclear.
implemented short-term in-service training as the key strategy for building human resource capacity for TB control [20] , often in settings where TB/HIV collaborative services are being introduced and brought to scale. The best means to integrate TB specific skills in HIV care and other priority health services are widely debated [14, [21] [22] [23] . However, pre-service and in-service training remain the classical stopgap approach to ensure that essential services are rendered [20, 24] . Donors and technical assistance partners play a significant role in the design and implementation of training activities.
Despite its ubiquity, the impact of in-service training on TB service delivery is understudied and, the return on investment of this approach is largely unknown [20, 25, 26] . At a time when in-service training for health has come under increasing scrutiny, it is timely to assess its impact on performance of tasks related to TB diagnosis and treatment, as well as TB/HIV integrated services [16, 26] . Some critics assert that the high volume of single-disease training courses removes front-line health workers from their clinical roles for prolonged periods of time, effectively limiting service provision [5, 22, 27] . Travel reimbursements, "sitting fees" and other inducements to attend training may promote inappropriate trainee selection and limit impact [14, 28] . Due to an overall lack of coordination and the large number of partners engaged in TB/HIV training, countries may face challenges in assessing how many staff have been trained to competency in which subjects [14, 28, 29] . Finally, there is concern that intensive training approaches may contribute to "brain drain" to the private sector and foreign countries unless retention measures are taken [5, 12, 30] .
Prior to the advent of The Global Fund and the Presidents' Emergency Plan for AIDS Relief (PEPFAR), Kenya was an early adopter of a comprehensive strategy to address human resource gaps. During the nineteen eighties and early nineties, the Kenyan Government developed a curriculum at the Medical Training College of Nairobi to build TB capacity among clinical officers with the help of KNCV Tuberculosis Foundation (KNCV), The Netherlands Development Organization (SNV), the Foundation of Swiss Civil Servants, and the Netherlands Leprosy Relief Foundation (NLRF) [31] . In 1991 the Governments of Kenya and the Netherlands signed a technical assistance agreement to replace the foreign doctors who had been providing TB care with Kenyan physicians trained in TB. Support from the Dutch government phased out in 2000 and was gradually replaced by other donors. From 2002 to 2006, the United States Agency for International Development (USAID) and the Canadian International Development Agency (CIDA) provided funding for NGOs such as John Snow International (JSI) and KNCV to design and provide technical assistance to implement additional TB training and supportive supervision to health care workers [31] . Combining long, medium, and short term capacity-building approaches on a pilot basis and as well as broader initiatives, The National Leprosy and TB program (NLTP) expanded rapidly from 2000 onwards [31] . Between 2001 and 2003 the TB personnel increased in number from 110 to 140 staff [31, 32] . During this period, the number of diagnostic facilities increased from around 1 to 1.7 facilities per 100,000 population, while the number of health units treating TB increased from 3.4 to 4.4 per 100,000 population [32] .
KNCV channeled over US$350,000 in donor funds to local and international training courses during 2003 alone. There were approximately 1155 health workers and 350 lab personnel trained in TB-related skills in the 2000-2003 period [15] . Performance-related incentives and expedited hiring for staff involved with DOTS implementation, HIV/AIDS prevention, care and treatment programs, and TB/HIV collaborative activities have been instituted in Kenya, although the sustainability of these approaches is still unclear [10, 31, 33] . Similar to other countries in the region, the NLTP has also pursued short-term in-service training as a key component of decentralization, DOTS expansion and the introduction of TB/HIV collaborative activities [34, 35] . [31] . Focusing on the impact of training on service delivery in 2004 makes it possible to explore issues of attribution and the potential impact of partners' technical assistance, if any.
Worldwide, the return on investment for off-site training of clinicians has been highly variable [36] [37] [38] [39] . In Kenya, training of community health workers and private providers is common [19, 35, [40] [41] [42] [43] [44] [45] [46] . Improvements in diagnostic or prescribing practices have been reported following training, but patient treatment outcomes are infrequently linked to investments in capacity building [19, 37] .
Given the prominence and resources invested in short term, in-service training strategies promoted by international technical assistance partners, program managers, policy makers, and donors need to know whether TB training exposures result in improved provider performance and ideally patient outcomes [26] . However, the specific impact of training on provider clinical behavior is difficult to measure due to the array of factors that influence provider performance [47] . Evaluators rarely have the opportunity to utilize proper baseline measures, comparison groups, or analyses that adjust for all the potential influences on performance. Thus, most evaluations of different human resource development approaches measure only short-term knowledge acquisition, attitudinal change, or behavioral intentions but do not measure skill utilization [47] .
Randomized trials and quasi-experimental studies examining the effect of in-service training on the clinical practices of health professionals have generally shown significant impacts from interactive courses, involving hands-on skills practice, reinforced by supportive supervision [48] [49] [50] . However, a cluster randomized control trial undertaken in South Africa in the context of training on DOTS implementation showed no effect on TB patient outcomes [51] . The effects of training in DOTS implementation have been explored in the context of publicprivate mix approaches in urban Africa [52] , where the impact of training on private health workers' behavior is more difficult to measure and thus even less well understood than public sector training programs [53] .
To assess the potential association between participation in TB training activities between 2000-2003 and essential health worker behaviors, (e.g. performance of smear microscopy, direct observation of treatment, and provision of IPT for HIV+ clients) we performed secondary analysis of the 2004 Kenya Service Provision Assessment data.
CONCEPTUAL MODEL
International technical assistance was a catalyst in the design, organization, and implementation of large scale TB training efforts which intensified from 2000 onwards with the influx of technical and financial support from USAID, CDC, KNCV, and Canadian CIDA.
Key factors hypothesized to influence the relationship between investments in training and health worker performance can be defined in three domains: 1) Provider characteristics (e.g. cadre, gender, age, prior experience providing TB diagnosis and treatment services, education); 2) Structural factors (e.g. facility complexity, availability of TB diagnostic and treatment commodities, demand for TB services); and 3) Organizational context (e.g. public or privately managed, policies support for direcly observed therapy (DOT), range of duties, promotion opportunities, incentives, quality of supervision) [7] . Fig. (1) illustrates the hypothesized relationships between investments in TB and HIV training, the three domains influencing provider performance, and provision of best practices related to implementation of DOTS at the facility level. Self-reported provision of TB prevention, diagnosis and treatment services by the health care worker is modeled as a function of individual acquisition of skills via in-service training. We posited that any effects of training on provision of services would be mediated by provider characteristics, available infrastructure, and organizational context.
Provider characteristics influencing provision of services were hypothesized to be: number of years of education and experience as a provider, age, gender and cadre [7] . These attributes are often collinear.
Infrastructural factors thought to modify the effect of training on provider performance include operating authority, facility type, TB diagnostic and treatment capacity, and range of services provided at the facility [54] . We hypothesized that some facility types may be more likely than others to provide a conducive environment for TB skills utilization following training. For example, hospitals with on-site smear microscopy may favor use of microscopy. Similarly, the presence of an adequate drug supply could also be assumed to favor the provision of directly-observed therapy and isoniazid preventive therapy (IPT).
Organizational factors thought to influence performance of recommended TB tasks include facility participation in the national DOTS program, degree of cross-referral within TB/HIV/STI (sexually transmitted infection) services, the availability of promotional opportunities, performance incentives, and quality supervision of health workers [7, 10, 55] . In many studies, performance audits with feedback have been shown to boost health worker performance [7, 56, 57] . Fig. (1) . Conceptual Framework. Sites were drawn with replacement from a master list of all public, private-for-profit, NGO and FBO health facilities. Data collection included two components: a facility inventory questionnaire identifying commodities, policies, management systems, and infrastructure to support service provision, and a health provider interview exploring the qualifications, training, performance and perceptions of health workers. A health service provider was defined as one who provides consultation services, counseling, health education, or laboratory services to clients. If an individual only took measurements or completed registers and never provided any type of professional health services, they were excluded.
Facilities were selected with proportional representation to the number of facilities in each province; however, sites offering HIV services were oversampled to ensure sufficient data for analyses. A quota sample of 8 health workers per site was randomly drawn among all providers present at a selected facility on the day of the survey. In facilities with fewer than eight health service providers, all consenting staff was interviewed. Sampling weights were used to adjust for probable over-sampling or under-sampling of particular cadres within facility type and province and to account for intentional oversampling of HIV services. The survey methodology has been previously described [58] .
Health workers were only included in the current analysis if they reported providing either TB clinical services or preventive care for HIV+ clients. The sample therefore included all health workers who diagnose TB or opportunistic infections (OI) of HIV, treat TB or OI of HIV, and prevent OI in HIV+ clients. Health workers were surveyed on their participation in training courses over a three year interval (2002) (2003) (2004) prior to the survey. Providers who diagnosed TB were recoded into those who rely on smear microscopy and those who never utilized smear microscopy as a basis for TB diagnosis. Health workers who treated TB were divided into those who reported directly observing patients' therapy and those who did not ever directly observe therapy. Finally those who reported that they prevented opportunistic infections in HIV+ clients as part of their jobs were divided into those who provided INH preventive therapy for HIV+ clients and those who never provided IPT. Provider characteristics such as gender, age, years of post-secondary education, profession, and length of TB service were collapsed into dichotomous categories or means for the purposes of analysis.
Training Exposures
A dichotomous diagnostic training variable was created combining the affirmative answers to any of 5 specific queries on course content on diagnosis services. A dichotomous TB treatment training variable was similarly derived from any positive responses to 4 queries on treatment content. Two training exposures, the lung diploma course and the 3-week IUATLD course (International Union Against Tuberculosis and Lung Disease), were treated as both diagnostic and treatment training exposures. A TB prevention training variable was created from those who reported being trained in "preventive treatment for TB". A continuous variable was derived representing the cumulative exposure to any of 10 possible TB training exposures (a national diploma for chest and skin, an IUATLD course, a TB treatment course, a sputum diagnosis course, an IPT adherence counseling course, diagnosis of opportunistic infections course, management of opportunistic infections course, preventive treatment for TB (IPT) course, sputum test course, or any other TB diagnostic course). In light of the absence of detailed information on each training, the cumulative training variable was an exploratory one.
Organizational Factors
A supervision score was generated from the unweighted responses to 8 questions about whether a health worker had been personally supervised and whether supervision included: delivery of supplies, checking records or reports, observation of work, feedback (positive or negative), encouragements, written comments, updates on technical or administrative issues or discussion of work-related problems. An unweighted incentive score was created to reflect the sum of all incentives, including: receipt of salary supplements, non-monetary incentives, and/or opportunities for promotion.
Structural Factors
To measure laboratory capacity, an unweighted summary score of 12 laboratory quality measures was created. The score was composed of a sum of these items: presence of a TB lab manual, a functional microscope, functional refrigerator, functional incubator(s), test tubes, glass slides and covers, AFB (acid-fast bacilli) or Ziehl-Nielson stains, TB culture services, other TB tests, TB lab notebook with results, and evidence of accurate record keeping. A TB drug commodity score was similarly calculated as the crude sum of eight in-stock TB medicines, including isoniazid (INH). The annual volume of smears analyzed in each facility was recoded and each facility's smear microscopy processing load was categorized as either low (0-100), medium (101-500), high (501-1,500), or very high (1,501-10,000).
Where required by the questionnaires, the research assistant indicated whether a specific item being assessed was "observed", reported to be "available but not observed", "not available," or it was "uncertain" whether the item was available. Equipment, supplies, registers, and manuals for TB services were defined as 'available' only if they were in the relevant TB service delivery area or in an immediately adjacent room.
Variables were recoded in SPSS16.0 and transferred into STATA 10.0 to adjust for multistage sampling design using the SVY command. Bivariate analyses tested for associations between performance of smear microscopy, DOT, and IPT and proxies for the three domains that may mediate training performance (health worker characteristics, infrastructure, and organization) hypothesized in the conceptual framework. The normality and equal variance assumptions were checked for the two-sample t-tests for continuous variables. Continuous variables are presented as means with standard errors (SE). Variables significant at 0.1 level in univariate analysis were entered in the multivariate models. All results referred to in the text are significant at the 0.05 level unless stated otherwise.
Ethical Considerations
Data collectors were trained to observe ethical guidelines (e.g., maintain confidentiality, anonymity if pertinent, and not to intervene during service delivery). Participation was voluntary and respondents could refuse to answer individual questions or skip entire sections without penalty. Written informed consent was obtained from the facility in-charge and from all respondents for the facility inventory questionnaires. As this study is based on secondary analysis of an anonymous dataset generated by the Central Bureau of Statistics in 2004, repeat ethical review was not deemed essential for the protection of human subjects. Permission to conduct this analysis was sought and obtained from the organizations that collected the data.
RESULTS

Sample Characteristics
Demographic Characteristics, Occupational and Workload Characteristics
A total of 1,332 health workers (providing either TB clinical services or preventive care for HIV+ clients) in 283 facilities met the criteria for inclusion. TB/HIV care providers include a wide range of professionals, but predominantly mid-level staff (nurses and midwives) (81%). More than half (56.9%) were female and nearly half (49.5%) were between 31 and 45 years old, with 29.4% and 29.9% in the younger (21-30 years) and older (46-71 years) categories, respectively ( Table 1) . The average provider was in his/her current position for almost seven years and had about six months of post-basic education. Over half of providers worked in hospitals (52.3%) and a majority worked in facilities managed by the government (61.9%). In terms of clinical duties, TB or HIV care providers offered an average of 14 clinical services as part of their routine work.
Performance of TB Standard Diagnostic and Treatment Practices
More than half of the study sample (55.1%) provided HIV care to prevent opportunistic infections and a slightly smaller proportion (48.4%) provided clinical TB services ( Table 1 ), suggesting that in 2004 there was considerable verticality with very few staff providing both TB and HIV care. Just over one third (35.5%) reported reliance on clinical algorithms for TB diagnosis and a smaller proportion (22.5%) reported reliance on smear microscopy to diagnosis TB. One third (33.8%) provided follow-up care for TB patients and 26.7% provided TB treatment, while almost the same proportion (25.7%) specifically offered directly observed treatment.
Exposure to TB-Related Training
Roughly a quarter of the respondents (21.6%) reported receiving some type of TB training in the previous three years; more reported receiving TB diagnosis and treatment training (23-25%) than TB prevention training (9.5-11%). Only 2.2% of TB service providers reported receiving per diems in exchange for attending trainings. Male doctors (55.3% vs 39.7%; OR 1.9, CI: 1.1-3.2) and male mid-level providers (47.3% vs 35.8%; OR, 1.6 CI: 1.1-2.4) were more likely than female staff to have attended TB training.
Service Delivery Environment
Almost two thirds of TB or HIV care providers (62.1%) worked in a site that participated in the national DOTS program and just over one third (34.6%) worked in a facility with X-ray services available ( Table 2) . Almost one quarter (24.1%) reported availability of pre-packaged TB treatment at their site. Smear microscopy was generally available at the workplace, with almost two thirds of the facilities (62.7%) conducting tests on-site. However, 18.8% reported referral of suspects to another facility for this service and 3.4% collected specimens and sent them for testing. The volume of smear microscopy processed varied among the facilities with near equal proportions of facilities processing <100 slides (27.8%), 101-500 (22.9%), 501-1,500 (23%), and over 1,500 slides (26.3%) in the previous year. Almost two thirds (63.9%) of respondents received a supervisory visit in the 6 months prior to the survey.
Factors Influencing the Use of Smear Microscopy for Diagnosis
Having received training in TB diagnosis was weakly associated with providers' use of smear microscopy at the bivariate level (65.5% vs 48.4% p=08) ( Table 3) . Training in the diagnosis of opportunistic infections for HIV had no impact on the use of microscopy, however the number of health workers exposed to IPT training for HIV+ clients prior to 2004 was small (n=100). As expected, structural factors played an important role enabling use of smear for diagnosis. Understandably the presence of smear microscopy on-site (59.2% vs 31.1%) and the mean volume of slides reviewed annually (1280 vs 774) were both positively associated with use of smear. However, 40.7% of health workers with on-site access to smear microscopy did not avail it when making a TB diagnosis. Surprisingly, organizational factors were not critical determinants of whether health staff used microscopy for diagnosis, with the curious exception of performance incentives. The more performance incentives that a health worker received, the less likely he/she was to use microscopy for diagnosis (although the mean number of incentives received were small in both groups). Although gender, age, and years of experience in TB care were not associated with use of microscopy, being a physician as opposed to a midlevel health worker (65.4% vs 48.8%) increased reported use of smear microscopy.
In the final model, exposure to TB training was positively associated with use of smear microscopy (aOR 3.4, CI 95%: 1.6-7.3) ( Table 4) . Being a nurse or midwife was associated with reduced use of smear microscopy (aOR 0.4, CI: 95% 0.2-0.6).
Factors Associated with Provision of Directly Observed Therapy
Training on TB treatment or treatment of opportunistic infections of HIV was associated with provision of directly observed therapy (DOT) ( Table 5 ). On average, health workers who reported providing DOT were slightly more likely to have attended more TB trainings, than those who did not employ DOT when treating patients (mean of 2.0 vs 1.3 trainings). Structural factors played a limited role in health workers' implementation of DOT. Health workers employed within facilities processing a high volume of smear microscopy slides (i.e. hospitals) were less likely to directly observe TB patients' treatment. Organizational factors were critically important for the performance of DOT. Health workers within facilities participating in the national DOTS program were more likely to implement DOT (64.5% v 38.5%). Health workers in facilities that offered TB testing for clients availing the STI clinic were also more likely to employ DOT for patients. Health workers were more likely to perform DOT for patients if they worked in facilities with a higher mean TB drug supply score (4.4 vs 3.2). Finally, although provision of supportive supervision was limited among all TB/HIV workers, those who reported marginally higher quality supervision (0.9 vs 0.7 scores). were more likely to perform DOT. Finally, mid-level providers were more likely to directly observe TB patients than physicians or clinical officers (63% vs 41%).
In the final multivariate model, receipt of training in TB treatment was the most significant predictor of use of DOT ( Table 6) . Training also had a cumulative effect on DOT provision, for each additional type of training received, health workers' were 20% more likely to use DOT. Receiving supportive supervision was also a significant determinant of performance of DOT (OR 3.2, 95% CI: 2.0-5.0). Working in a facility with a stable TB drug supply also favored use of DOT (OR 1.2, 95% CI: 1.1-1.4). The barriers to carrying out DOT were identified as working in a facility that did not participate in the national DOTS program and working in a facility where a high-volume of smear microscopy is performed (e.g. tertiary referral hospitals). 
Factors Influencing Provision of Isoniazid Preventative Therapy (IPT)
In univariate analysis staff trained in prevention of TB in HIV positive patients was more likely to provide IPT (53% vs 32%) ( Table 7) . Structural factors also favored the provision of IPT, (e.g. being a hospital and having chest radiography performed on site). Participation in the national DOTS program, provision of microscopy to STI clients, availability of pre-packaged TB drugs, higher lab quality, and medicine commodity scores all favored provision of IPT. Physicians and clinical officers were more likely than other providers to provide IPT (48% vs 32%, p=0.02). Each additional year of post-basic education favored the provision of IPT. Staff with more years of experience either in diagnosing or treating opportunistic infection in HIV positive persons more often provided IPT. If experience providing TB diagnosis and treatment was 5 years or more, over 40% provided IPT while this was just about a quarter in those with less than 5 years of TB experience.
In the multivariate model, none of these factors remained positively associated with provision of IPT ( Table 8) .
Possibly this is a function of collinearity among them, as many were characteristics of doctors operating in hospitals. Alternatively, it may have been a function of the small number of observations, as few health workers (9.4%) reported having been trained in IPT for HIV+ clients in 2004.
DISCUSSION
Investments in technical assistance to support training of Kenya's health workers in smear microscopy for diagnosis and DOT for treatment appear to yield significant return on investment. Although female health workers represent the majority of the TB/HIV work force in 2004, male health workers of all cadres attended more TB training. It is not possible to know if this due to female workers opting out or if TB capacity-building opportunities were inequitably distributed. Nurses and midwives represent almost 70% of the self-identified TB health workforce, but they were less likely to rely upon smear microscopy.
Although reported receipt of supportive supervision was low, it was found to be strongly associated with increased provision of directly observed therapy (OR 3.2 CI 95% 2.0-5.0), and should reinforce efforts to improve individual health worker performance through regular visits and feedback.
Given the dual practice of many clinicians and Kenya's significant investments in private sector TB provision, it is not surprising that health workers in public sector facilities were not significantly better in their performance of these three key skills than private sector clinicians [59] .
It is possible that the differential impact of training on performance measured here may not be a reflection of the quality of the education, but rather the current division of labor. Anecdotally it has been suggested that in some facilities trained mid-level providers are not authorized to diagnose all forms of TB (e.g. smear negative) or to rule out TB in HIV+ clients. Their reduced reliance on smear microscopy may also be a function of the greater proportion of pediatric patients they treat. The fact that working in a setting with a busy smear microscopy lab is associated with less implementation of directly observed therapy suggests that tertiary care settings may not be optimally integrated into national TB programs. Finally, there was no policy on IPT for HIV+ clients until 2009 in Kenya and very limited training on this important topic. Therefore it is understandable that provision of IPT for HIV+ clients was very low in 2004 (35.3%) and was not positively influenced by training (9.4%) in prevention of opportunistic infections and/or Isoniazid prophylaxis. Moreover, after controlling for confounding in the final model, it was no longer influenced by structural or organizational factors.
LIMITATIONS
An important limitation of this analysis is the lack of robust measures of the depth and quality of TB training interventions beyond the proxy variable "length of training" which was available for only a very small proportion of training courses. Similarly, the method of trainee selection is a potential confounder that was not measured in the survey. A second limitation of this study is its cross-sectional design which does not account for any delayed benefit of training on performance or decay in performance over time. A third limitation is that the principal exposures and outcomes (performance of best practices) are self-reported and may be subject to social desirability bias. Finally, health workers who are trained may share useful knowledge and skills with untrained peers. As such, some leakage (and hence misclassification) may have occurred that may lead to an underestimate of the magnitude of the positive effect of training and technical assistance.
CONCLUSIONS AND RECOMMENDATIONS
TB training interventions in the 2000-2004 periods appeared to be significantly associated with the performance of smear microscopy and direct observation by Kenyan health workers in all sectors. The impact of training in IPT provision for HIV+ clients should be re-assessed now that enabling global policy on IPT for HIV+ patients has been established and training in the 3 Is (Intensified case finding, Infection control, and IPT) is rolling out [60] . Performance of the three key skills, use of smear microscopy, DOT, provision of IPT, are all cost-effective and life saving [61, 62] .
Future investments in technical assistance in capacity building should consider the gender equity dimension to assure that trainees reflect the actual TB/HIV workforce. Human resource policies on task-shifting to mid-level providers should be reviewed and updated with the latest evidence [63] . This study reinforces the maxim that highquality TB diagnosis and treatment require a human resource development strategy, an enabling policy environment, stable access to commodities, laboratory infrastructure, and supportive supervisory structures. The study results reinforce that training and supervision alone are insufficient to dramatically improve staff performance. A strong heath system, including sufficient numbers of staff clear job descriptions, updated guidelines, availability of drugs and appropriate health facility management, is vital to improving health worker capacity and sustaining it over the long term. 
